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Proximal upper extremity venous outflow obstruc-
tion is an increasingly recognized cause of upper
extremity hemodialysis access failure.1-3 This trend
reflects the increased use of percutaneous hemodialysis
catheters, with resultant stenotic or occlusive lesions of
the proximal veins.1,4,5 The presence of central venous
obstruction influences the patency of permanent
hemodialysis access, and identifying such lesions can
alter surgical decision making.6
Although traditional upper extremity contrast
venography remains the standard method by which
proximal venous obstruction is diagnosed, it is not
without risks and additional cost, which reduce its
advantage as an initial imaging technique. Although
the reliability of noninvasive color flow duplex imag-
ing (CFDI) as a means of detecting venous throm-
bosis of the lower extremity has been well described,
its use in the upper extremity is less established, and
its role in hemodialysis patients remains unknown.7,8
This study compared the diagnostic accuracy of
CFDI with that of contrast venography in detecting
proximal venous outflow obstruction in hemodialy-
sis patients.
MATERIAL AND METHODS
Patients who were evaluated for proximal venous
outflow obstruction were identified from a review of
peripheral vascular laboratory and vascular radiology
Efficacy of color flow duplex imaging for
proximal upper extremity venous outflow
obstruction in hemodialysis patients
Marc A. Passman, MD, Enrique Criado, MD, Mark A. Farber, MD, Geoff L.
Risley, MD, Cynthia B. Burnham, BSN, RN, RVT, William A. Marston, MD,
Steven J. Burnham, MD, and Blair A. Keagy, MD, Chapel Hill, NC
Purpose: The efficacy of color flow duplex imaging (CFDI) in detecting proximal upper
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of the extremities imaged; and 28 (67%) of the extremities imaged had a current ipsilat-
eral arteriovenous (AV) shunt. Five (8%) of the 60 duplex scans were nondiagnostic
because of artifact from intravenous dialysis catheters (3) or incomplete visualization of
the subclavian or brachiocephalic veins (2) and were excluded from further analysis. In
the remaining 55 duplex scans, proximal venous outflow obstruction was found in 18
(33%), compared with 21 (38%) identified by means of venography (P = not significant
[NS]). Overall sensitivity, specificity, positive predictive value, and negative predictive
value for CFDI were 81%, 97%, 94%, and 89%, respectively.
Conclusion: CFDI is a reliable means of detecting proximal upper extremity venous out-
flow obstruction and should replace contrast venography as the initial imaging study in
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registries from January 1993 to July 1997. Included
in the study were all patients with chronic renal fail-
ure requiring hemodialysis who had been evaluated
with both upper extremity CFDI and venography.
Inclusion criteria required that the tests were
obtained within a 1-month period and that no sur-
gical or radiological procedures had been performed
between studies. Prior medical history, hemodialysis
access procedures, and indications for imaging were
reviewed.
CFDI of the proximal upper extremity veins was
performed by using an Acuson XP-128 color flow
duplex imaging device (Acuson Inc, Mountain
View, Calif) by registered vascular technologists 
in our accredited peripheral vascular laboratory
(Intersocietal Commission for the Accreditation of
Vascular Laboratories). A routine protocol was
used, with the patient in the supine position, neck
extended, and head turned to the contralateral side.
By means of a 5-MHz linear array transducer in the
longitudinal and transverse planes, real-time B-
mode, Doppler waveform, and color flow duplex
images of the axillary, subclavian, internal jugular,
and brachiocephalic veins were obtained. 
Adequacy of venous visualization was deter-
mined based on the quality of the duplex image and
absence of artifact from bony structures or
indwelling venous catheters. If results were nondiag-
nostic or equivocal, proximal venous CFDI was con-
sidered to be indeterminate. 
Duplex criteria for proximal venous outflow
obstruction included: (1) absence of spontaneous
phasic flow, (2) vein incompressibility, or (3)
absence of flow augmentation with distal venous
compression or Valsalva maneuver. Based on inter-
pretation of real-time B-mode and color flow duplex
images, venous thrombosis was also indicated by
absence of the color signal within the lumen of the
vessel or by direct visualization of vessel lumen nar-
rowing with associated turbulent color signal.
Visualization of upper extremity venous collateral
vessels was also suggestive evidence of venous
thrombosis of the proximal venous segments.
Venous outflow obstruction was classified as normal,
focal stricture (patent, narrowing <1 cm long), par-
tial obstruction (patent, narrowing ‡ 1 cm long), or
complete occlusion.
Upper extremity venography was performed
through an 18- or 20-gauge intravenous catheter
placed in an antecubital vein, upper arm vein, or a
functional upper extremity arteriovenous (AV) shunt.
After the injection of 30 to 50 mL of contrast medi-
um, digital subtraction or cut-film techniques were
used to obtain images of the proximal upper extremi-
ty venous anatomy. Venograms were independently
interpreted by the radiologist at the time the test was
performed and by one of the authors (M.P.) as part of
this study, without knowledge of CFDI results.
Findings were classified as normal or abnormal, based
on the presence of focal stricture (patent, narrowing
<1 cm long), partial obstruction (patent, narrowing ‡ 1
cm long), or complete occlusion of the axillary, sub-
clavian, and/or brachiocephalic veins. All venograms
were of adequate quality to allow retrospective inter-
pretation and reclassification of the findings.
The sensitivity, specificity, positive predictive
value, and negative predictive value of CFDI for
proximal venous outflow obstruction was deter-
mined in comparison with that of venography, with
indeterminate duplex scans excluded from diagnos-
tic accuracy calculations.9 Abnormal findings of
CFDI and venography were also correlated, based
on anatomic location and classification of proximal
venous obstruction.
RESULTS
Sixty upper extremities, in 42 hemodialysis
patients, that were imaged by means of both CFDI
and venography met inclusion criteria for the study.
There were 23 (55%) men and 19 (45%) women,
with a mean age of 54.2 ± 13.8 years (range,
26.7–82.5 years). Twenty-four (57%) patients under-
went unilateral upper extremity CFDI and venogra-
phy, whereas 18 (43%) patients had bilateral exami-
nations. The mean time between tests was 7.4 ± 8.7
days (range, 0–27 days), with most duplex scans per-
formed before venography (88%).
Associated medical conditions and underlying
causes of renal failure are shown in Table I. The
mean duration of chronic renal failure before evalu-
ation was 3.7 ± 4.7 years (range, 0–19 years). Prior
intravenous dialysis catheters had been present in 33
(55%) of the upper extremities imaged; 16 (27%) of
the upper extremities imaged had ipsilateral intra-
venous dialysis catheters currently in place; and 28
(67%) of the upper extremities imaged had a current
ipsilateral AV shunt.
Indications for CFDI and venography included
symptoms in 35 (83%) patients; 16 (38%) patients
had extremity swelling or pain, 15 (36%) patients had
AV shunt occlusion, and 4 (10%) patients had inade-
quate flow through a current ipsilateral AV shunt. An
additional 7 (17%) asymptomatic patients underwent
preoperative evaluations before placement of new
permanent hemodialysis access in extremities that
had previously had intravenous dialysis catheters. 
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CFDI was indeterminate in 5 (8%) of the 60 upper
extremities examined because of incomplete visualiza-
tion of the subclavian or brachiocephalic veins caused
by artifact from bony structure (2) and from dressings
overlying indwelling central venous hemodialysis
catheters (3). In patients with indeterminate CFDI,
proximal focal venous strictures were revealed in 3
extremities and normal patent proximal veins were
revealed in 2 extremities by means of corresponding
venograms in patients with indeterminate CFDI. 
Of the remaining 55 upper extremities, proximal
venous outflow obstruction was found by means of
CFDI in 18 (33%), compared with 21 (38%) identified
by means of venography (P = NS). Overall sensitivity,
specificity, positive predictive value, and negative pre-
dictive value for CFDI was 81%, 97%, 94%, and 89%,
respectively (Fig 1). False-negative results obtained by
means of CFDI included 2 nonhemodynamically sig-
nificant focal strictures (<50% diameter reduction), 1
high-grade focal stricture, and 1 complete occlusion,
in which a large collateral vein was mistaken for the
subclavian vein. There was 1 false-positive result in
which a partial obstruction at the junction of the axil-
lary/subclavian vein was not visualized by means of
the venogram. Comparison of CFDI and venography
showed equivalent findings in 47 (86%) studies, with
close correlation in an additional 3 (5%), and no cor-
relation in the remaining 5 (9%; Fig 2).
Duplex scan abnormalities were found in 29
(18.7%) of the 165 proximal venous segments (axil-
lary, subclavian, and brachiocephalic veins) imaged,
compared with 31 (20%) venographic abnormalities
(P = NS). Multiple venous segments were involved
in 11 (20%) of the 55 upper extremities imaged by
means of CDFI, compared with 10 (18%) imaged by
means of venography (P= NS). The subclavian vein
was most commonly involved, the brachiocephalic
vein was the second most commonly involved, and
the axillary vein was third (Table II). Based on
venous segmental anatomy, sensitivity and specificity
of CFDI was 67% and 92% for the axillary vein, 94%
and 97% for the subclavian vein, and 36% and 96%
for the brachiocephalic vein, respectively.
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Fig 1. Overall diagnostic accuracy of color flow duplex imaging (CFDI) compared with over-
all diagnostic accuracy of venography for proximal upper extremity venous outflow obstruction
(N = 55).
Table I. Associated medical conditions in
hemodialysis patients evaluated for proximal venous
outflow obstruction by means of color flow duplex
imaging and venography (N = 42)
Associated medical conditions Number
Hypertension 35 (83%)
Cardiac disease 23 (55%)
Diabetes mellitus 22 (52%)




Prior vascular surgery 5 (12%)
Pulmonary disease 4 (10%)
Deep venous thrombosis 1 (2%)
Hypercoaguable state 1 (2%)
Chronic renal failure—etiology
Diabetes mellitus 22 (52%)
Hypertension 9 (21%)
Polycystic kidney disease 3 (7%)
Membranoglomerulonephritis 2 (5%)
Focal sclerosing glomerulonephritis 1 (2%)
Acute tubular necrosis 1 (2%)
Obstructive uropathy 1 (2%)
Other/unknown 2 (5%)
DISCUSSION
CFDI of the upper extremity has achieved wide-
spread acceptance and is approved in the current
venous reporting standards,10 despite a lack of ade-
quate data supporting its efficacy. Although there
are several reports describing CFDI of the proximal
upper extremity veins,6,11–15 only a few of these
studies actually compare duplex scanning with tradi-
tional contrast venography.7,16–19
In this study, overall sensitivity, specificity, posi-
tive predictive value, and negative predictive value of
CFDI compared with venography for proximal
venous obstruction in hemodialysis patients was
81%, 97%, 94%, and 89%, respectively. These results
are similar to the sensitivity of 89% and specificity of
100% reported by Baxter et al8 for a smaller
hemodialysis patient cohort.
The efficacy of CFDI in our study was depen-
dent on several factors. First, 8% of the duplex scans
were indeterminate and excluded from diagnostic
testing analysis because these tests were considered
neither positive or negative. Thus, the accuracy
reported, although statistically improved by this
exclusion, is for technically successful duplex exami-
nations.9 Second, based on venous segmental anato-
my, CFDI was most accurate when proximal venous
outflow obstruction involved the subclavian vein
(sensitivity = 94%) and least reliable for lesions
involving the axillary vein (sensitivity = 67%) and
brachiocephalic vein (sensitivity = 36%). This differ-
ence may reflect difficulty in imaging the brachio-
cephalic vein and an increased incidence of subcla-
vian vein involvement compared with axillary or bra-
chiocephalic veins.18 Third, complete occlusion was
more accurately identified than focal stricture or par-
tial obstruction. This is reflected by the missed focal
lesions on the indeterminate and false negative
duplex scans. Therefore, CFDI is most reliable when
technically feasible, when the subclavian vein is
involved, and if complete occlusion is present.
Duplex criteria of spontaneous phasic venous
flow, vein compressibility, and flow augmentation are
widely accepted for diagnosis of lower extremity deep
venous thrombosis and are also used for evaluation of
proximal upper extremity venous outflow obstruc-
tion.7,8,17,19 In addition, these Doppler-derived cri-
teria are combined with interpretation of real-time B-
mode and color flow duplex images, with absence of
color signal, direct visualization of luminal narrow-
ing, and the presence of upper extremity venous col-
laterals indicative of proximal venous obstruction.18
Although the diagnosis of proximal venous outflow
obstruction can be made by means of any of these
criteria alone, diagnostic accuracy improves with a
combination of these criteria, as suggested by Koksoy
et al.17 Because the retrospective design of this study
did not allow accuracy to be determined for each
individual criteria, the reported accuracy of CFDI is
dependent on these combined criteria. Furthermore,
although the presence of a functional ipsilateral AV
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Fig 2. Correlation of color flow duplex imaging (CFDI) with venography, based on classifi-
cation of proximal upper extremity venous outflow obstruction (N = 55).
Table II. Venous segments involved in proximal
upper extremity venous outflow obstruction based
on color flow duplex imaging (CFDI) and venogra-
phy (N = 165)
Proximal venous segment CFDI Venogram P*
Axillary 6 (4%) 3 (2%) NS
Subclavian 17 (11%) 17 (11%) NS
Brachiocephalic 6 (4%) 11 (7%) NS
*P value by chi-square test.
shunt increases pulsatile venous flow, luminal nar-
rowing is not based on quantitative velocity criteria.
Although diagnostic accuracy using the combined
qualitative criteria did not seem to be influenced in
this study by the presence or absence of an ipsilateral
AV shunt, meaningful conclusions cannot be made
because of the small study population.
Proximal venous outflow obstruction may be
present in 10% to 40% of hemodialysis patients,1,2,20
reflecting the increased use of percutaneous
hemodialysis catheters in this population.1,4,5 In this
study, a previous or current ipsilateral intravenous
dialysis catheter was present in most patients requir-
ing imaging (82%) and in all the upper extremities
identified with proximal venous obstruction.
Interestingly, most of the technical limitations of
duplex imaging in the presence of a current
hemodialysis line were related to the position of the
sterile dressing, not artifact or functional obstruc-
tion from the line. Whether the diagnostic accuracy
reported in this study can be extrapolated to include
all patients with central venous catheter-related
thrombosis is unclear. Although Koksoy et al17
reported a comparable sensitivity and specificity
(94% and 96%, respectively) using CFDI for central
venous catheter-related thrombosis, none of the
catheters in the study were hemodialysis catheters.
Although there may be a different incidence of cen-
tral venous stenosis with different catheters, there is
probably no difference in the efficacy of CFDI for
detecting proximal venous obstruction. 
Identification of proximal venous outflow
obstruction is important, because the presence of
these lesions may alter surgical decisions leading to
salvage of a current ipsilateral AV shunt or to place-
ment of new contralateral permanent hemodialysis
access. Furthermore, correction of underlying proxi-
mal venous obstruction using endovascular or surgical
techniques may improve shunt patency.2,6,21,22
Therefore, CFDI is recommended as the initial imag-
ing study (1) in all hemodialysis patients with extrem-
ity symptoms, (2) in all hemodialysis patients with fail-
ing or occluded permanent upper extremity
hemodialysis access, and (3) before placement of a
new arteriovenous shunt in patients who have had a
prior ipsilateral temporary hemodialysis catheter.
Contrast venography should be reserved for patients
with (1) recurrent hemodialysis access failure despite
a normal duplex scan, (2) proximal venous outflow
obstruction identified by means of CFDI before pos-
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Fig 3. Decision algorithm for color flow duplex imaging (CFDI) based on diagnostic effica-
cy and incidence of proximal venous outflow obstruction. A, True positive; B, false negative;
C, false positive; and D, true negative.
sible endovascular or surgical intervention, and (3)
other dialysis graft problems, ie, venous or arterial
anastomotic stenosis or more distal segmental venous
obstruction. Screening all hemodialysis patients
before new AV shunt placement with CFDI of the
proximal venous system combined with arterial and
venous mapping may also improve shunt patency, as
was recently reported by Silva et al,23 although the
efficacy of this strategy needs to be further validated.
A decision algorithm for the use of CFDI for
proximal venous outflow obstruction is shown in Fig
3. For every 100 duplex scans performed, addition-
al venograms would be required for indeterminate
CFDI, for all positive duplex scans if intervention for
the proximal obstruction was planned (A and C),
and for patients with lesions missed by CFDI who
have persistent AV shunt problems (B). Based on an
estimated frequency of proximal venous obstruction
of 10% to 50%, as many as 12 to 55 additional
venograms may also be needed. For CFDI to be
cost-effective, the cost of 100 initial venograms
would have to be offset by the cost of CFDI plus the
cost of these additional venograms. 
Proximal venous obstruction was present in 15%
of our hemodialysis patients,6,24 and CFDI as an ini-
tial examination at our institution is cost-effective,
producing a savings of $13,200 based on hospital
and physician charges and $2,500 based on
Medicare reimbursement. Clearly, this cost benefit
will fluctuate depending on the discrepancy between
hospital and physician charges and actual health care
reimbursement. This simplified analysis does not
recognize the cost of complications related to inva-
sive venography or the cost of failed hemodialysis
access because of a missed proximal lesion.
In conclusion, CFDI is an accurate and reliable
method for detecting proximal upper extremity
venous outflow obstruction and should replace con-
trast venography as the initial study obtained in
hemodialysis patients. Whether surveillance of asymp-
tomatic hemodialysis patients with CFDI will improve
long-term patency of hemodialysis access and whether
this approach is cost-effective remains unknown. 
REFERENCES
1. Schwab SJ, Quarles LD, Middleton JP, Cohan RH, Saeed M,
Dennis VW. Hemodialysis-associated subclavian vein steno-
sis. Kidney Int 1988;33:1156-9.
2. Lumsden AB, MacDonald MJ, Isiklar H, Martin LG, Kiker
D, Harker LA, et al. Central venous stenosis in the hemodial-
ysis patient: incidence and efficacy of endovascular treatment.
Cardiovasc Surg 1997;5(5):504-9.
3. Clark DD, Albina JE, Chazan JA. Subclavian vein stenosis
and thrombosis: a potential serious complication in chronic
hemodialysis patients. Am J Kidney Dis 1990;3:265-8.
4. Vanherweghem JL, Yassine T, Goldman M, et al. Subclavian
vein thrombosis: a frequent complication of subclavian vein
cannulation for hemodialysis. Clin Nephrol 1986;26:235-8.
5. Barrett N, Spencer S, McIvor J, et al. Subclavian stenosis: a
major complication of subclavian dialysis catheters. Nephrol
Dial Transplant 1988;3(4):423-5.
6. Criado E, Marston WA, Jaques PF, Mauro MA, Keagy BA.
Proximal venous outflow obstruction in patients with upper
extremity arteriovenous dialysis access. Ann Vasc Surg
1994;8:530-5.
7. Kerr TM, Lutter KS, Moeller DM, Hasselfeld KA, Roeder-
sheimer R, McKenna PJ, et al. Upper extremity venous
thrombosis diagnosed by duplex scanning. Am J Surg
1990;160:202-6.
8. Baxter GM, Kincaid W, Jeffrey RF, Millar GM, Porteous C,
Morley P. Comparison of colour Doppler ultrasound with
venography in the diagnosis of axillary and subclavian vein
thrombosis. Br J Radiol 1991;64:777-81.
9. Reid MC, Lachs MS, Feinstein AR. Use of methodological
standards in diagnostic test research: getting better but still
not good. JAMA 1995;274:645-51.
10. Porter JM, Moneta GL, and An International Consensus
Committee on Chronic Venous Disease. Reporting standards
in venous disease: an update. J Vasc Surg 1995;21:635-45.
11. Falk RL, Smith DF. Thrombosis of upper extremity thoracic
inlet veins: diagnosis with duplex Doppler sonography. AJR
Am J Roentgenol 1987;149:677-82.
12. Gaitini D, Kaftori JK, Pery M, Engel A. High-resolution real-
time ultrasonography: diagnosis and follow-up of jugular and
subclavian vein thrombosis. J Ultrasound Med 1988;
7:621-7.
13. Hubsch PJS, Stiglbauer PL, Schwaighofer BWAM, Kainberger
FM, Barton PPA. Internal jugular and subclavian thrombosis
caused by central venous catheters: evaluation using Doppler
blood flow imaging. J Ultrasound Med 1988;7:629-36.
14. Weissleder R, Elizaondo G, Stark DD. Sonographic diagno-
sis of subclavian and internal jugular vein thrombosis. J
Ultrasound Med 1987;6:577-87.
15. Gooding GAW, Woodruff A. Color Doppler imaging in the
subclavian-axillary region and upper extremity. Clin Imaging
1994;18:165-72.
16. Haire WD, Lynch TG, Lund GB, Lieberman RP, Edney JA.
Limitations of magnetic resonance imaging and ultrasound-
directed (duplex) scanning in the diagnosis of subclavian vein
thrombosis. J Vasc Surg 1991;13:391-7.
17. Koksoy C, Kuzu A, Kutlay J, Erden I, Ozcan H, Ergin K.
The diagnostic value of color Doppler ultrasound in central
venous catheter related thrombosis. Clin Radiol 1995;
50:687-9.
18. Knudson GJ, Wiedmeyer DA, Erickson SJ, Foley WD,
Lawson TL, Mewissen MW, et al. Color Doppler sonograph-
ic imaging in the assessment of upper-extremity deep venous
thrombosis. AJR Am J Roentgenol 1990;154:399-403.
19. Haire WD, Lynch TG, Lieberman RP, Lund GB, Edney JA.
Utility of duplex ultrasound in the diagnosis of asymptomatic
catheter-induced subclavian vein thrombosis. J Ultrasound
Med 1991;10:493-6.
20. Surratt RS, Picus DD, Hicks ME, Darcy MD, Kleinhoffer M,
Jenddrisak M. The importance of preoperative evaluation of
the subclavian vein in dialysis access. AJR Am J Roentgenol
1991;156:623-5.
JOURNAL OF VASCULAR SURGERY
874 Passman et al November 1998
21. Matthews R, Clugston R, Eisenhauer A, Dake M, Schatz R,
Feinstein E. Balloon expandable stents to treat central venous
stenoses in hemodialysis patients. Am J Nephrol 1992;
12:451-6.
22. Shoenfeld R, Hermans H, Novick A, Brener B, Cordero P,
Eisenbud D, et al. Stenting of proximal venous obstructions
to maintain hemodialysis access. J Vasc Surg 1994;19:532-9.
23. Silva MB, Hobson RW, Pappas PJ, et al. A strategy for
increasing use of autogenous hemodialysis access procedures:
impact of preoperative noninvasive evaluation. J Vasc Surg
1998;27:302-8.
24. Marston WA, Criado E, Jaques PF, Mauro MA, Burnham SJ,
Keagy BA. Prospective randomized comparison of surgical
versus endovascular management of thrombosed dialysis
access grafts. J Vasc Surg 1997;26:373-81.
Submitted Feb 25, 1998; accepted May 8, 1998.
JOURNAL OF VASCULAR SURGERY
Volume 28, Number 5 Passman et al 875
